ABSTRACT
INTRODUCTION
The economic importance of the S. aureus causing clinical and subclinical bovine mastitis is largely recognized (Myllys et al, 1997) . Clinical mastitis is the single most costly disease of dairy cattle resulting in the reduction of milk yield and quality (Riekerink et al, 2007a) . The control of precalving subclinical mastitis by somatic cell count (SCC) is an indicator of intramammary infection (IMI) in bovines (Riekerink et al, 2007b) . Udder edema and number of neutrophils in milk (Detilleux, 2004) are also important factors (Compton et al, 2007a) . Precalving subclinical mastitis was diagnosed in 18.5% of quarters of the udder (Compton et al, 2007b) and increase in standard deviation log of SCC was associated with the presence of S. aureus clinical mastitis in bovines (Green et al,(2004) . Mastitis persists for long-term and may be detected by Pulsed Field Gel Eletrophoresis (Rabello et al, 2005; Anderson and Lyman, 2006) . S. aureus was isolated coincidently from the herd with problems of increased number of milk SCC, neutrophils and decreased milk production in infected animals. Studies by Cullor (1992) and Gonçalves and Kozicki, (1997) indicated that the disease was present in 15% of all the dairy herds in the world, with a prevalence rate of 50% in U.S.A. and classified as either contagious or environmental based upon their primary reservoir and transmission mode (Parker et al, 2007) . S. aureus is a contagious pathogen commonly transmitted among the cows by contact with infected milk and the infection reach up to 32% of the herd (Pitkälä et al, 2004 ). This pathogen is particularly important because it causes mainly subclinical forms of infectious mastitis that are often difficult to detect by the herdsman (Compton et al, 2007b) . The evolution of the infection turns difficult its treatment and increases the disease level (Reksen et al, 2006) . Upon infection of the secretory tissue, the pathogen diffuses and encysts (Smith, 1977 and Hensen et al, 2000) . This condition reinforces the necessity of early diagnosis to prevent the spread of the disease and management of the contaminated milk with S. aureus. In Paraná State, Brazil, the estimated annual economic loss due to mastitis range from $95.62 to 142.42 per cow (Swinkels et al, 2005) . These costs include reduced yield, discarded milk, drug therapy, veterinarian costs, premature culling, and increased labor. Fat and protein production is reduced by 9.0% in the clinical mastitis cases (Hagnestam et al, 2007) . Several biochemical and molecular methods are used in the investigation of S. aureus in bovine infections (Hartstein et al, 1989; Williams et al, 1990; Prevost et al, 1991; Kosteman et al, 1992 and Kapur et al, 1995) . Current identification methods are based on microbiological culture of milk and biochemical tests on the isolated bacteria. At present, species identification by standard methods is laborious and takes at least 2 to 3 days to yield results. Other tests are commonly employed in Brazil to detect the occurrence of the subclinical mastitis, as California Mastitis Test, (Schalm and Noorlander, 1957; Riekerink et al, 2007b) . However, since specific identification of the causal agent in Brazil is limited to tradicional methods, PCR-based approaches have been developed to identify the mastitis pathogens, which provides a promising alternative for the rapid identification of bacteria. In addition, the sensitivity of PCR-based assays tends to be better than bacterial cultures (Forsman et al, 1997; Kim et al, 2001 ) allowing the detection of small number of microorganisms. These methods may be extremely important when rapid and accurate identification of pathogenic bacteria is required. Different PCR-based methods have been developed for specific and sensitive detection of mastitis pathogens directly in milk. Forsman et al, (1997) (2002) using 16S subunit of the rRNA genes, developed a specific PCR reaction to detect Streptococcus agalactiae in the milk of subclinical mastitis. Cremonesi et al, (2006) developed a method to extract DNA directly from the main Gram-positive bacteria known to cause bovine mastitis. Some alternative methods for diagnosis were also developed for detection in cows. Puetkes et al, (2001) and Eckersall et al, (2006) developed a multiplex PCR approach to detect the disease directly from milk cows or alternatively from dairy products, using mRNA 23S and genomic DNA. Youngerman et al, (2004) using CXCR2, a chemokine receptor required for neutrophil migration to infections sites and which contains single nucleotide polymorphisms (SNP) within the gene, showed association of CXCR2 genotypes, with subclinical and clinical mastitis. Ramesh et al, (2002) and Graber et al, (2007) obtained high correlation (R= 0.925) , with the PCR methods to diagnose S. aureus mastitis. Gillespie and Oliver, (2005) , using RT-PCR identified 91.7% of S. aureus in milk and Moon et al, (2007) , based on coagulase gene polymorphism, observed relations with enterotoxins-producing by S. aureus strains. The objective of this work was to detect S. aureus by means of multiplex PCR using a set of specific primers, by previous extraction of DNA, cloning and sequencing of monomorphic bands from isolated S. aureus DNA in order to make a rapid and specific identification of the microorganism.
MATERIALS AND METHODS
A total of 75 S. aureus isolates were isolated from the bovine udder proceeding from 240 different cases of clinical and subclinical infections. Morphological and biochemical identifications were carried out following Koneman et al, (2001) .
Samples were stored in 7.5% NaCl agar manitol at 4º C. They are cultivated in BHI broth at 37º C for 43 h. Genomic DNA was isolated by means of CTAB (cetiltrimetilamonium bromide), (Dellaporta et al, 1983; Doyle and Doyle 1987; Daneshwar and Sher-Ullah, 2004) .
Genetical variability and polymorphism analysis of 75 isolates of S. aureus
To carry out the Random Amplified Polymorphic DNA (RAPD) technique the following primers were used: OPJ 5 (5'CTC CAT GGG G 3'); OPJ 6 (5' TCG TTC CGC A 3'); Primer 786 (5' GCG ATC CCC A 3'); Primer 797 (5' AGC GTC ACT G 3') and Primer 798 (5' TGA CCC GCC 3'), based in Myllys et al, (1997) and Pereira et al, (2002) and OPA 2 (5' TGC CGA GCT G 3') (Spolidorio et al, 2003) . The DNA amplifications reactions were made according Pereira et al, (2002) . A final volume of 14..9 µL contained 20ng of purified DNA and 1.0 U of Taq DNA polymerase, 3 mM 1 -1 MgCl2, 50 mM 1 -1 KCl, 10 mM 1 -1 Tris-HCl (pH 8.8), 200 µM of Mix dNTP, and 0.5 mM of each primer. The mixture was subjected to a initial denaturation at 94 ºC for 5 min, followed by 45 cycles of 30 s at 94ºC, 30 s at 36ºC and 1 min 30 s at 72ºC. A subsequent final cycle of extension at 72ºC for 1 min was carried out in a thermocycler (PT100 Perkin Elmer). The amplification products were analyzed in 1.6% agarose gel (TBE buffer at 114 mV). Two strains of S. aureus, ATCC 25923 and ATCC 6538 and one out-group were also included (Streptococcus spp.) as references strains. The polymorphism analysis of the isolated strains from the clinical and subclinical cases was carried out under phenetical methods applying UPGMA (Unweighted Pair Group Method with Arithmetic Mean) using the similarity coefficient of Jaccard in the NTSYS program, version 2.1 (Numerical Taxonomy and Multivariate Analysis System), (Rohlf, 2000) . The support values of the groups were computed by bootstrap (Felsenstein 1986 (Felsenstein , 1993 Hillis and Bull, 1993) .
Isolation of the RAPD genomic DNA fragments
Two polymorphic and monomorphic bands were selected, corresponding to both mastitis cases types and the isolation of DNA fragments was due to the similarity in each group. The DNA fragments were cut and purified by the Purelink Quick Gel Extraction Kit (Invitrogen Life).
Fragment cloning in E. coli
Fragments were prepared according to the pGEM® Systems, (Promega Corporation) and cloning in the E. coli TOP10 F1 (Soares et al, 2001 ). For visualization of the possible insertion fragments in the plasmids, eletrophoresis in agarose gel (0.8 %) was carried out after the treatment with EcoRI restriction enzyme (Invitrogen Life). -1 of DNA in a final vol. of 7.5µL. All the reactions were cycled at 95ºC for 2 min, followed by 35 cycles at 95ºC for 20 s and 60ºC for 2 min. The PCR product was purified by ammonium acetate 7.5 mol 1 -1 and precipitated by ethanol in successive centrifugations (Murphy et al, 2005) . Samples were sequenced by electrophoresis in an ABI 377 (Applied Biosystems). The primers were designed considering the sequences obtained.
AmpliSeq reactions

Sequences edition and primer design
Edited sequences (GenBank: Access AM749799 to S. aureus RAPD clinic fragment and AM749800 to S. aureus RAPD subclinic fragment), examined trough PerlPrimer (Marshall, 2004) allowed the design of the specific primers set for clinical and subclinical strains. For the subclinical strain, the forward primer FSBSTAPH: 5' CCA AAC TTG GTA ATT GAA GGA C 3', displayed an optimum annealing temperature of 59.78ºC and the reverse primer RSBSTAPH: 5' ACA ATG TTG AAA CTC AGA CGT C 3', displayed an optimum annealing temperature of 61.41ºC. For the clinical strain the designed primers were the forward FCSTAPH: 5' TTG ATC TGG ATA CGA TGG AAA GG 3' with an optimum annealing temperature of 62.48ºC and a reverse primer RCSTAPH: 5' TTA AGT ATA AGC TTC ACG CCG AG 3' with an optimum annealing temperature of 62.72 ºC.
Markers evaluation and protocol development
A multiplex PCR according to Vandercan et al,(1995) , Pinekter et al, (2001) and Vannuffel et al, (2003) was prepared applying the proper annealing temperature suggested by the software (PerlPrimer) with a final volume of 25.0 µL. The reaction comprised 2.5 µL of PCR buffer minus Mg (final concentration 1X), 1.0 µL of mix dNTP's (final concentration of 0.2 mM), Primer mix in final concentration of 0.5 µM, 2.5U of Taq, 25.0 ng of genomic DNA (0.5 µl) and 17.5 µL of Milli Q filtered water. The amplifications were preceded with 35 cycles with denaturation of 45s at 94ºC, annealing of 45s at 60ºC and extension of 2 min at 72ºC. The multiplex PCR products were examined with agarose gel 1%.
RESULTS AND DISCUSSION
Strain recognition and DNA isolation
In the present work, 31.25% of the mastitis cases sampled were confirmed as S. aureus infection by morphological and biochemical analysis (Gonçalves et al 2001) . Several procedures for the early identification and fast recognition of S. aureus infections are essential for health studies (both animal and human) due to economical importance in dairy industry. Amplification analysis allowed the identification of two main groups (Fig.1) based on the presence of distinct monomorphic bands. These bands were fully congruent with the identification of the clinic and subclinical strains of S. aureus. A multiplex PCR according to Vandercan et al, (1995) , Pinekter et al, (2001) and Vannuffel et al, (2003) was prepared applying the proper annealing temperature suggested by the software (PearlPrimer) with a final volume of 25.0 µL. The reaction comprised 2.5 µL of PCR buffer minus Mg (final concentration 1X). 1,0 µL of mix dNTP's (final concentration of 0.2 mM), Primer mix in final concentration of 0.5 µM, 2.5U of Taq, 25.0 ng of genomic DNA (0.5 mL) and 17.5 µL of Milli Q filtered water. The amplifications were proceeded with 35 cycles with denaturation of 45s. The subclinical sample displayed a 950 bp band while the subclinical sample was smaller 800 pb band (Fig. 2) . In addition to its fast performance, the RAPD method assures a high confidence in its diagnosis, being very sensitive to S. aureus studied strains. RAPD data allowed a clear distinction between two clades in the identification of the strains (Fig.1) . The identification was fully congruent with the clinical picture noted in the studied infections. Each group of strains might correspond to one cluster of mutually similar genotypes. 
AmpliSeq reactions
Both inserts were effectively amplified with the proper PCR reaction suggested by the plasmid manufacturer protocol (pGEM® Vector Systems). The results are presented in Fig 3. The two distinctive monomorphic bands were recovered displaying the same size of the original excised bands (950 bp for the subclinical sample and 800 bp for the clinical) (Fig.3) . 
Multiplex PCR
Amplification of the desired regions starting from genomic DNA was always successful using the four designed primers. It was equally effective for single PCR or multiplex PCR reactions carried out under similar conditions. Figure 4 shows agarose gel (1%) for the specific identification of clinical and subclinical isolated strains after multiplex PCR. In this study, 75 field S. aureus were identified using the set of four primers resulting in amplifying the desired fragment and the reference strains ATCC 25923 and ATCC 6538 samples. Also, S. aureus in milk samples collected directly from the milk bulk tank according to Kim et al, (2001) , (for total DNA extraction) were positively detected. To assure the specificity of the primers, the amplification of S. mutans and E. coli was attempted but the primers failed in their amplification. The development of a fast diagnosis tool of the subclinical strain was priority. The multiplex PCR approach allowed the detection of both types of strains. The method was able to detect successfully S. aureus contamination even in high-diluted milk samples as the ones taken from a 5000L bulk milk tank. These results suggested another useful application to detect eventual contaminations in the stored milk. This protocol could be used as a quality inspection tool for producers and in the chain of distribution, contributing to healthy herds and high ranks of quality for the milk producers.
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